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^- ^-£r S^^^el-g- #-^E}Tn] -g- ( Corynebacterium glut ami cum) £-3,^ a] 
-ff^ L-^e)l^.\i ^ ^-71 -S-#*r# L-^efl^id ^-tt^r* 7flf*fecll 3-g-*Kr «j- 



£ 2 



2HlT41^-^5j-g- #-f-Efn]-^- (Corynebacterium glutamicum), L-^e)l^-\d(L- threonine) , L-^BfliLid 
-n-^-n-^KL-threonine importer), L-^^M ^^(L- threonine production) 
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7fl^:w 0 >^|{A Novel L-threonine importer from Corynebacterium and A Preparation method 
of a strain producing L-threonine} 

£ 1^ DNA i&^ifl -B-^i^r «flt^- M-^l-xfl^ ZL^o]^. 



4. 



<3> 



<4> 



^e|vnwT- E ^^- ^r^^v}^ (Corynebacterium glut ami cum) ^S.^-"^ L- 

^r"5r ^ -cf . 

^A>S|<>| £ ZL ^SflSj*] -fl-tbS^S 
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Microbiology, 147:1765 , 2001)^- as) ifl^ ^MM^ i3H.fi.id ^m^r^}( thrE)^ 
tfl^^l^i ^a]^ ^efl^.\i^| ^^>^ ^7>a]^1 iL5L{Appl. Microbiol. Biotechnol., 
59:205, 2002)^oJ o}uf. i^bfl W -n^-fr^l"!- o_S^ ^^P£* 

7fl ^f- S^S.^ ^^P3* *}$\(Biosci. Botech. Biochem., 59:1600, 1995)^- tfl 

^]}SLM ^» 7flf^<^ i^-SLVl^l ^a>^^t ^ A^l(^y osc /. Botech. 

Biochem., 61:1877, 1997) : §H iLZLSH 

°] T-fl-R-^^l^r ^-f ^li^^l iefl^\i ^-£7]- xtj-el- it| 

3-, -n-^-B-^7># ^^-<*| ol^. ^^a] 7]^r y o v ^* **fl i^l-M ^^r# 7]]^>JI7> 
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^3lJ2Jd -R-^-fh^m #s^H ^*}« ^ 

*}» ^*Rr 3H4. 

<9> ^ o| S-^^- Aj- 7 j -R-^i^l-^) *]^^8: ^l^V^ r^l^.^ AjXj-^^ 

t 



#^Pl^-o.^JfB] ^iSflJLTd -^^^7f ^l^t-^rf. 
<is> ol^- o^a} ^. ^7>#^ ^e)]^.Td 7i^£ A^Aj ^ s h. e ^ jl^s 
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J7^£ _£L^ ^# ^ll^>^ H ^^6.^ -^^-R-^T- ^^^^ 33 

<w> -g-^S] ^fl^g: ^} 7 } SS]i41^Bl^- #^b|-p1 ^ ATCC 13032A- <>l-g-3H 

Sr3), CJ L-l 5^ ^3lJ2-\H tflslH 20mg/l 6 J <#-3-^ # ^-BfW. # 7 1 CJ L-l 

^S^-B] ^l^#^^o]^cfl o}^-cc| ^^v} 500mg'/l^ ^-S-^-i- M-bN^t 31 

^ &.^<£ cj l-h yim^^, #71 -g-^-i 



^1-^ ^vilMVE)]B]-§- -#^^1^-^ 6>^^<?1 ATCC 13032^ -fr^l BrOjil&|5m 



<is> zl ^ ^7) n^S. -3.^3 ^^^M It 1 

^Sr 2)4^: 33* W<?2tb ^, Mr€ DNA ^ofl <^re|tr -ft- *I *}-!- °1 5Lf-s)<^ ^^7># ^91 
is}7] ^-5r>^ DNA ^^.^rf, zz. ^ #^5} DNA 4,8467fl^| ^7]# *l--ft- 

is}5i 919XSL^ , ORF Finder H^-Zi^ ^r-^M DNA ^vfl 5i^^-jr r}X| 7^^ 

&z\r, 1,254 bp^l -ft-^ -fr$.*}7} ^^S|^rf. # 7 1 -fr^UM tflsflA) BLASTP# 

j 

gingivalis)$\ *\) S.^^S.'E.] (serine/threonine transporter)^ 48%^ -^Hlr^^r 
S^, ^-^1^.01^^ BflB}ol^.B|-o_P>ol5[S( J 5 ac ^ ero y c / e5 thetaiotaomicron)$\ Na+/H+-^7>^ 
^-^HS ^]SBl(Na + /H + -di car boxy late sympoter)^-^ 51%^ &^4r ^91^}$^^-. 

^l-olS^CEikmanns) ^ 
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Arch. Microbiol., 165:48, 1996H S£) ifl ^b)] 5} -g- ^MH^l ^j^^r 

^A]ol] A-flixflS. ^5ll-£Jd4 ^l^o] ^^ui-ofl <£)ijfl -f>-<^ 

tfji <£s}^ ^£££, ^^>#^r ^-71 DNA ^ifl^ #5.^ ^r 1 ^ -fr^7f<2] ^>#°1 

<16> o]o]l ttl-5} #7] A>^^ ^-ol^f7l ^. ^^s.^. Z^S. -3-^ 5^r<?l 

S^vil^s]^- CJ L-l ^^^}# 4^ t^-S^ ^7> JH 

^ ^7>^^ DNA ^^^^-g-CPCR)* ^}<*| tfl^ ^Bl^. ^P, °1« ^ 

i 

ell^id S^rSl ^Bj-nl^- CJ L-l ^Ml ^^i^H 3. 

5.^.2. tf| (Single Cross-over H ^fl ^S^r# ^l^Kr A>-g-^>^rf. A]~g- 

*H ^efl-^Td 7-]^£ ^^n&i^r ^f^M^ CJ L-l -g-^S^-Ei ^rr-^-^i 

7> ^^5"^* zi ^ r 7-f>-^]- ^-g-^ TJ-^ 300mg/l^) ^31^. \i 

<^<£ A^-ir M-ErW ^^r^. ^H^H, ^-71 m^rS ^ ^- #^7>#ol #S^tr thrY 

#7 r » 43)^ ^-f ^efl^.vi ^J4H) o]vc]^: nl^l^7l-# 3^^-715. -S^th 0} rc)j , 

thrY ^-^A ^^^S.^ ^>7> iL-fHl-iL ^ ^i-ll^l 

B^-g- ^MM^- ^flS^- CJ T-2* A^T-^o.^, ^7.} ^wj-^^- ^-7HH <?i^-tr 

^r-^rS^. ^1-71 71]^ -R-^7}- CJ T-213. ^^^A^, ^-71 

■g-^# A>-g-^<^ ^ ^Efl^.Td ^^Hl^^- ^l^tr ^t^r, thrl ti)^-^ rflti] 10% 

^ ^-^^^ ^ ^-%r Q-^-s}^. 
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<i9> < ^x\c% i: ^^^je) ^Bj-n]^- o_S^f b] ^5)1 ji^JE 7flt 
> 

^ SB^^t!]^ ^Hj-P] -g- O.S.^-B] ^Bll.2-\± ^-fr^*} 4^^r» °1» ^ 

■gfl ^7ltb W}<4 ^o] ^eflo.\i At 1 ^ -g-^JfBl JI^JE ^1^>^^. 

<21> #7] t%X[7\ i-B-^Jl ^tt ^fBl^ ATCC 

13032 -fh^fl <^ 6 0 X£L^ ^e)vil«VBllsl^- ^fB]-^^- CJ L-1* A>-g-*> 

5S^. ^7l CJ L-l is]]^^] 20mg/l^ ^A^* M-bHI^I, o]§ 

i 

(N-methyl-N'-nitro-N-nitrosoguanidine: NTG)# A}~g-£j-2| o_ii| ? js^o]- ^Biq ^1 tifl ^| ofl ^ 
tfl^7] ^til^xl s^vil^Efl^l^- ^B^^- CJ L-l* AlHBflolH ^#on(pH 5.5H 

10 7 ~10 8 ^li/ m ^ ^^-^1^1 Jjt , NTG^) s|^^£7> 1 , OOO^g/m-H £|3E.^- 30 °C 

5^r?i ^Bl^t}. olo^ ol^lz^g- ^rlT^CpH 7.0)AS 3s| ^l^H ^ 2,000mg/l^ ^31^. 
Td°l ^-6-^ sl^yfl^Hl ^7] wfl^HH 30, 00071] » 20mg/l^ ^ 

3l^.>d 0 l ^--B-^ slitifl^l^l ^3x]^ (tooth picking)^ ^^"M 

^^^-Sl^. ^l^Tfl tfl^H A^-i- ^fl^-^l^H =L & 500mg/l^ 
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Jl^Kr a^a^S. ss ^)wl E ^-o #^-Bf ^ CJ L-11S. ^ 



<22> 1] 



-8* 






10g 


(NH 4 ) 2 S0 4 


2g 




2g 


KH 2 P0 4 


3.0g 


MgS0 4 7H 2 0 


0.5g 


FeS0 4 7H 2 0 


lOmg 


MnS0 4 5H 2 0 


lOmg 




100/zg 


HC1 


100#g 


CaCl 2 2H 2 0 


O.lg 


Na 2 B 4 0 7 10H 2 0 




(NH 4 ) 6 Mo0 27 4H 2 0 


40^g 


ZnS0 4 7H 2 0 


10/zg 


CuS0 4 7H 2 0 


300^g 


MnCl 2 4H 2 0 


10/zg 


FeCl 3 6H 2 0 


lmg 




20g 


'6"ir i 




pH(^-a-^i) 


7.0 



<23> < ^X]<^} 2: ^Bll^.\d -fr^-fr^l*]-^ > 

CJ L-ll# *H ^^n}^- o>^^o] ATCC 13032S^ 
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<25> o)s. <flfft iasHl^Nl^-g- #^-Bf-P]^- ATCC 13032^ <$q*ft sH^sl* ^1^31, °1 
♦ seH^el-g- #^-b]-p!^- cj L-ll^l ^il^s^M s}^^ - 

<26> e}o]tL3]el^. ^^-§1-71 ^^v)l«i-Efle)^- -g-f-iq-nl ^ ATCC 1303 2 i= 



*|^M(LB) wfl^Hl^ 16^1^> yfl°J=^!r Al^( S eed) tifl<#ofl^. 1%^ ^^1* £f*t 
tiflxl i0ml<^l 12^1 # wfl<#*iH ¥1 ^(QIAGEN) ^ 

Genomic DNA Kit* °l-g-^}<*| DNA# ^ 5} ^t> $| . n ^ 2ug£] <g^l DNA^l Sau3Al 

0.1 37°C<^1^ l*)Zt wfl^H ^f^r^^t ^F, 0.8% o}7}^.i ^ 

7) 4H^H 4-6 Kb 3.7]$ DNA ^-^ ^1^}$!^. °}^7\) DNA .S 

ii| vil «H] 5] -g- *S\B\<£ P ECCG122^1 BamHI ^l^rS^ <?§^*ll Q^tf- 



^-e- ^-^M-^lisf- CJ L-ll -g-^Ml ^^^^tb ^B)l^.\d 20mg/l# "?Mf^ a^ffl^H 

^r^l^- CJ L-ll -g-^Ml ^^^^^rtt ^, t^JES. s^^-Al7l^ 

^^^H pECCG-thrYS. 



<27> < ^U]ofl 3: DNA <*7H<g ^ > 

<28> ^T- 7 j ^X\dj\ 2^ iLn 1 -^ S| 4 -ft-^*}* ^Cc], ^ 

^ ^s}<=>H#* o]^- o,^^^^. DNA a]^^* ^X|^]-c=| DNA 
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<29> 3. 



3)- W5L^& DNA 4,8467fl^ <%7)3. ^5)^ 9X9X^ , ORF Finder £in 



<30> 



A 1~§-*H DNA ^tfl -a-^> ^(0RF)» ^ ^o] i Kb o]^-o| 0RF ^ - 7fl 

7} ^, ORFl^r Ml^I 1]^ 23^1 <£7lJfB) 1, 168^1 ^7l^l^| zjo] 1,146 bp 

^ -fr^T^j^ , 0RF2^ 1,77213 <$7)^ 3,025*1 ^7]^^ ^o] 1>2 54 bp£] -fr^T^tK 
£ 1 ^20. 

#7l ORFl-^1 tflsfl^ BLASTP1- °l-§-^<*j -#^g^r S.o}^ jfr^}^ ^xfl^ ^ > 
0KF1-& ^ ^^5^f*l] (hydroxylase) ^ 5L^+) (monooxygenase) 



^(Porphyromonas gingival is)$\ *]} ^^^S.^^- 48%-^ ^SHf-^-i- 



T7 



<31> 



^-b^o]^^ ^]B}ol^.^Ti>o]a.^( 5i3C ^ / - 0 y £/e5 thetaiotaomicron)2\ Na+/H + -^7> 
^-4^eflo]je ^iE^Cdicarboxylate sympor t er ) ^-c- 51%^1 -^Hf^^r iL^^I- ^-<y^}^ri)-. 

— ^. •& ^:^7>#-ar #7] DNA 0RF2^| ^-^} -tr#o] ^ o.^^ 



<32> 



<33> 



< ^*H1 4: ^ CJ L-IAS^-El thrY -fr^} ^^«\ 

^*Kf ^-^1^71 ^5|]^Jd 7^3E sslvil^-E^ o. 
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CJ L-l thrV -^r^im ^s)-g-o.s*? X\%-£. ^-^7> JS-^ ^^^r #7ll 

(PCR)* ^-SH ^ ( = ^Hl: 5 ' -GACTTGTTCGGTGTTGAATCCGAGC-3 ' , HeM^2: 

5 ' -CGGTCTGATCGCCTACGGAGCAATC-3 1 ) , tfl^ h3)b]<?1 P CR2. l-TOPO(InvitrogenAl-)S #^^*1 ^ 

aBlUl^Bl^ #^b)-p1^- C J L-l « 3S.iA.Hl (Single Cross-over) 

^ -fi-^o] 20mg/H^ 300mg/lS ^7}^ ^ <?1 § r . 



<35> 



#7] ^^S. ufl, ^7f#o] #5.^^ -B-^7f7> ^^0.^5] ^H*}^- 



< ^^Hl 5: i3l-£.\l ^^r^fB| thrY ^^f^ ^ ^ iiJfliLTd ^ 

^>-g-^r^4. °1^7ll *H -ff-^UJ. ^^^1- CJ T-21S. ^^^Ao], #7l a> 
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<39> 



s 2 ^ ^o.^ f 30 « C; 230rpm(revolution per 

minute), wfl^l^: 72 tifl^S^S. ^tf\<$7]*\)x] 250ml *fl# #ef^3.(yfl<£^ 



25ml) 



- 7.3g/l^ ^j^^ yflotoB ^ ^Aj^o.^, thrl -f}-^> 8.1g/l^ 

^3*1*1 9= 10% ^51^ ^tf-i- 7 r ^# ^-oi^c).. o]^ 0.^0) 



2] 




2¥ | 




100g 




4g 


(NH 4 ) 2 S04 


40g 




4g 


KH 2 P0 4 


lg 


NaCI 


2.5g 


MgS0 4 7H 2 0 


0.5g 


FeS0 4 7H 2 0 


lOmg 


MnS0 4 5H 2 0 


lOmg 




100#g 


^a)- 1 ?! HCl 


200/zg 


CaC0 4 


40g 




l^^ 




7.0 
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<*| ^*>JI, ^^>^^ ^7] -fr#*M- zl^X\% o.^*) ^511^ #tflX ) 



<42> 



7fl 
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l^^^r 1] 



•^l? (Corynebacteri urn glut ami cum) <^ &<>H , ^stTfliL 1°} 



DNA 



>H£ ^ 1,772^} ^71^ 3,025*1 DM IL^s)^ a^^^ ^ 



[^■T 2 -^- 2] 



[^^■^ 3] 
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15L 1] 

0 1 2 3 4 5 kb 

I 1 I I I 



J 



OBF 1 ► 4 0R p 2 ( tJ]ry) 

= 5}0|CH i H£fO|CH 2 



2] 



Km 



pCR2.1TOPO-AthrY 

AthrY ° E - colio rigin 



x 

C.glutaznicum l^^] C 



Km 



<110> CJ Corp. <120> A Novel L-threonine importer from Corynebacter ium and A 
Preparation method of a strain producing L-threonine <160> 1 <170> Kopatentln 
1.71 <210> 1 <211> 4846 <212> DNA <213> Corynebacter ium glutamicum 
ATCC13032 <220> <221> gene <222> (23).. (1168) <223> 0RF1 <220> <221> 
gene <222> (1772) .. (3025) <223> 0RF2, novel L-threonine importer (thrY) <400> 
1 gatcggtccg cacggctggc gaatgctgga atcctggggt ctgctcgacc aaattgtcgt 60 
ggccggctac ctcccagaag acatgcagtt ccgcgacgct gtcaaccgcg aaaccatcct 120 



gaccatgcgt ttcgatgaag aattccagca gcactacggc ggtcgctacc tggtgatt 



ca 180 



ccgctctgac ctgctcaaca tcctggtcac caacgccgaa gcagcgggcg cgaagctcca 



240 



caatggcgtc ctggtcaccg attcccgcac cgtcgacggc ggtatcgagg tggacat 



cga 300 
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atcctccatc aacaagggcg aagataacaa gactttgctt gtcgacgcct tcctcgcctt 360 

cgacggcatc cactcggtca tgcgcaaaaa gcttgtcgac gacgcccccg tcgcctcctc 420 

ctacgtcgcc taccgcggca cctccaagct ggcagaagac gccgaaatga aggacctgaa 480 

atccgtcatc ggctacatcg gaccacacgt gcacttcatc caatacccac tgcgcggcgg 540 

agaactcctc aatcaggtcg ccgtctttga atcccagcgt tacctcgatg gacgcaccgc 600 

cggcgacatc ccagaagact ggggcaaccc cgaagaatta gaccgcgcct acaaccactg 660 

cgaccccttc atccaggacc gtctggacac cctgtggcgc aacaactggt ggcaaatgtc 720 

cgaccgcgag cctctagaga actggcgtat cggccgcatg ttgctgcttg gcgacgccgc 780 

ccacgcaccc ctccagtacc tcgcctcagg cgcggtcatg gccatggaag acgccgaggc 840 

tgtcgccctc ttcgctgccg acgctgcgcg tgctggcaac ctcgattggg aagaggtact 900 

cgcagaggtg gaagctgaac gccgaccacg ctgcagccgc atccaaaccg taggccgttt 960 

ctggggagag ctctggcatg tggaaggcac cgcacgtctc atccgcaacg aagttttccg 1020 

ccaagcagac cgcaatggct ggttcatcta tgcagactgg ctgtggggtt acgatgcatc 1080 

caagcgtgcc cacatcgcca accctgagct cggagaaatg ccacaagcac tgaaggaatg 1140 

gcgctacgcc ctcctcgaac agaaatagca gcctcacctg ttaagggaaa attgtgtgct 1200 

tttcccaggc aggctcttta atgtcgagtt cttaagttcg atttcttaac agcgatttca 1260 

gtcggaaaac cggggaaaac cgagcgaaat cgctgttgag aaattgagct tgaggtattg 1320 

gaaccatgaa ctcgacaccg tgaaatcgca gttaagaaac aaccgcgaaa tatgggcgtt 1380 

taaggcgtcg aggtttccgt atgggtgtga gtctagggag agccagttaa ggcccttaga 1440 

agcgattctg tgaggtcaaa cttttaggga tctcggtcgt gaattcaccc ttttcgaggc 1500 

agaccagaca ggcgtgacaa gattggcgaa aaagccgagg ttttggcacg tgtgtccggt 1560 
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ttccaatccc ctaaaccaga cagacgtgcc aaaacctggc gaaaatccag attcttgtca 


1620 


cgcctgtctg gtttctcctt ttgagcgacc caaaccacgc ccgaaccacc gttccacagc 


1680 


ccccacgaac cctcaagaca gaaaagatcg caccagccgc atcgagctgg tgcgatcaaa 


1740 

JL 1 X W 


ccgcagtaaa aactacagaa aatgcgggtt tctacttgtg atgttccaca tccgatggag 


1800 


tgatgtcgaa ggcaacgcgg tcgtcttctt cgatttcatc tggggaagtg gtgtgcagct 


I860 

J-WW W 


ggcccttggc gaatttgttc acgatgactg cgattgcgcc gtcgccggtg acgtttscte 


1Q20 


cggtgccgaa ggagtcaatc gcgatgtaag cggcgatcat gagggcgact tgttcggtgt 


1980 


tgaatccgag catggaggcc agcatgccgg ttgctgccat gatggctccg ccgggaacgc 


2040 


ctggtgcggc gatcatggtg atgcccagca tgaggaggaa tccgatggag aggccgacgc 


2100 


ctacttccat gtcgtacatg aagacaacag cgaaggtgaa gaggccgatc ttcatcatcs 




atccagctag gtggatggtg gcgcacagtg ggacaacaaa gcctgcgacg ttgacatcaa 


2220 


catcgttttt cagggtctgc tggtaggtca ctgggatggt tgccgctgaa gaggaggtgc 


2280 


ccagtgcagt gaagtatgca gggagcatgt ttttgaacag tttccatggg ttcttcttgg 




atactgcacc agcgataatg aactggatgg ctaggaagag cagggttccc acgacggcga 


2400 


gaatcagtac cttgccaaag gcggacatga tctccaggag gccaccgttc atgcccatec 


24fi0 


cgaggaagat gccgaagatg aagagtggca gcagtgggat gacaaaggcg gtgatggtct 


2520 


tcatgactac gcgctcgagt tcgcgggtta ccttgaacag ggtgtctgat ttaattacag 


2580 

W W \J 


ccatgcccag gccgaggcag aatgccagca gcagtgcggt catcacttca aatggtggtg 


2640 


gcatctcgat gttgaagtag ggctggaggg cacctgcatc aaggtcgatt tcggtgacgc 


2700 


tttggtggtc tttcagcagc catgggtaga gcgcttggga tgctccgtag gcgatcagac 


2760 


cggagaagac ggtggacgcg taggcgattg ctgcaacaat gccgagccat ttgccagcgc 


2820 
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ctcggccgag ccctgcaatg gcgggggcga tgagggagaa gatcagcact gggatgaaga 



acgagctcat gctctttatg tccatggttg ttccttattt ctaatcaggt gctgtctgag 



ttaatgtcag gatcgtgcag tgaagaattc aggatgaatt actcgctgga atattggtgg 



gactattacc tcgccgatta tcaacaagac tccgctgaat gcccccaaga ttgacttgga 



cacaaccggc aagccctgga tcgaatgaag ctcgcagcga gtaattattt gatgttt 
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agcccagaaa gttgctgaat aggccgttga aggtggtgaa gatctcagcg agccacaccg 2940 
ggaagaagag gctgcagatg attccgagga tgatggcaac gatcactcgg aacagcagcg 3000 



3060 



.caatgctcgg cagcgcgtga tggaattttg tgtgcggctt ggaagtgacg ggtcacaagg 3120 
acagctcgtg tagaccctgc ctggagcctt gacaaactcc accaaacaac tgcgacgtgt 3180 
gtcagattac tgcaggcttg tggtcaaacc tagttctttg gaggcggagc atcatacctt 3240 



3300 



ggatagagtt gttgttatga cggtgatcgg aattattctt ggcagccttt ttggcgttct 3360 

tgcagtcctt ctcatcgtgg ttggtgcttt ggggtgggcg gctaagctcc ctggcaaccc 3420 

ggttgtgggc attcgtgtcc ctgaggtgcg taaatcccaa gaattgtggg atatggcgca 3480 

ccgtgtcgct ggcccgttgt gggtgctgtc gggagtttcc tttgttattg catcgctagt 3540 
tgcgtttgtt gcttctggtt ggatgtggct tgttgtggcg ttgggtgttg tggctgccat 
cgtgttcatt ggtatgggtg cgggtatggc tgcgcatact gttgcgatgg ttgacgcgaa 



3600 



3660 



gcgcagtcgc gaaaccccgc aggcgcctgt ttccgctgaa attgaagagg ccggtggtgt 3720 



3780 



tgcagtgcgt agagctgcgg aaactacgca agaacccaaa aatgattaat aattgagaca 3840 



3900 



agcttcccac tatgtgataa agtcccattt tgtgaataac tcttgtctca gtcaaagcac 
ccagtggtgg tggcgcgcta actaagcgag cctgacacct caagttgttt tcactttgat 
gaatttttta aggctcgtac ttcgttcgac gaagaagcgg gccttttgtg gtttttagcc 4020 



3960 



ccc 4080 



0030089711 

agaaaggctt cagccccaca atgatttcct cggtaggtgc 
tgttttctcc ctagatgtcc gctatcacga ggatgcttct 
tggcacaacc gcagatgatg cagccctgtt ggaaagcgct 
tatttcttcc ctcgcggtgt tgaagagttc ggtgcgcatt 
ggtaacgcag ccgctgacgg actcgggtag ggcagtggtt 
tggccagtac aacaccgcag agaacacctt tagcttcccc 
gcgcgagcgc ctcaccgcac caagcaccat cgaagtgctg 
cggctacagc gacgcgtccc tgccactgct catgggcggt 
aacctttgaa acgctccccg ctgtcgagga gagcgtcaac 
cgtcctcgcg gaaatcgtcc tggacatcaa tcaccaggac 
cgtctccaac gccccaggcg agctcgaggc cgagctcaac 
cgccgccctc cccgcaaccg aacacgccta ccaaaccacc 
tcgcgttgtg gctgatattc ccgatgctca gttccgcacc 
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cccatgagca cgaatcccca 4140 

gcattgtttg cccacttggg 4200 

gat at caeca ccaagaatgg 4260 

aegtgeaegg geaacaeggt 4320 

gcgcgcctaa cgcagcagct 4380 

gectcagatg cggttgatga 4440 

cgcaagttgc agttcgagtc 4500 

ttcgcgtttg atttcttaga 4560 

acttaccccg attaccagtt 4620 

cagaccgcca aactcgccgg 4680 

aagctttcat tgettatega 4740 

cctcacgacg gcgacactct 4800 

cagatc 4846 
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